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Abstract 
The polarization control technique, which is considered as a technique for controlling the state of polarization of light, was 
studied for a potential of the optical measurement on liquid of interest. In this research, modulation method was performed by 
rotating a quarter wave plate and a modulator with a constant frequency. In this study, optical data such as index of refraction,
reflection coefficients and ellipsometric parameters of surfaces under study were obtained. The experimental result is in good 
agreement with the corresponding theoretical analysis. 
© 2010 Published by Elsevier Ltd. 
Keywords: Polarization control; Refractive index; Ellipsometry 
1. Introduction 
Since the ellipsometry was applied to study, a big effort has been made to solve the experimental and theoretical 
problems of this method for a correct and meaningful interpretation of the experimental results [1]. The technique of 
ellipsometry is concerned with the measurement of changes in the state of polarization of light upon reflection from 
a surface. For a clean reflecting surface the optical constants of the surface and the reflection coefficients of the 
system may be calculated from these changes. A thin transparent film on the reflecting surface causes additional 
changes from which the thickness and refractive index of the film may be determined [2], [3]. The principle of the 
ellipsometer has been described, by several authors [4], [5]. Ellipsometry is a very precise optical technique 
however the information available may be incomplete, the experimentally determined angles '  and \  contain 
very valuable optical and structural information. 
In our work, we control the state of polarization [6] using a rotation quarter wave plate by used a DC motor. 
Then the proposed ellipsometric system has been studied by using the instrument to investigate the ellipsometric 
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parameter of various liquid materials, namely, glycerine and water. A generally applicable computational method is 
described, that the calculations required to solve the equations involved have been programmed by the computer.
2. Background 
To analyze the process as shown in fig. 1 the electric field 1E
K
of the output rotating linearly polarized light (after 
QWP2) can be represented by a vector, using Jones notation. 
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Fig. 1: The experimental set up, QWP: Quarter wave plate, PBS: Polarizing beam splitter,  
BS: beam splitter,  0I :  Incidence angle. 
After the reflection at a sample surface with an incident angle of 0I  the light beam then transverse an analyzer 2 
with its axis at 045 to the plane of incidence. The change in polarization of light beam as a result of this, observed 
at the detector 2, can be described in terms of the product of Jones matrices as follows, 
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When the Jones matrix of the sample (S) written by Singher [7]. 
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Therefore, the vector electric field through the sample (s) to the polarizer at an angle T  relation to the plane of 
incidence is as follows. 
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where sp rr ,  = Fresnel reflection coefficients, for the incident polarization p, parallel, and s, perpendicular, to the 
plane of incidence, Ic = time-dependent azimuth of the polarization beam. When the polarizer angle is 450 to the 
plane of incidence is written as. 
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Therefore, the intensity of light from the detector 2  is.   *
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Note that when light from the modulated parallel to the plane of incidence, intensity of light that the detector will 
be given by 
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Similarly, when the light is perpendicular to the plane of incidence. Intensity of light that can be 
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When light at an angle to the plane of incidence angle is 450 , we can determine by 
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When Rp and Rs are the intensities of light by Fresnel reflection, where
2
pp rR   , 2ss rR   and  I0 is a 
constant.  The experimentally measured  parameters ' and <  are related  to  the physical properties of  the system 
by the relation  as 
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where pr and sr are the complex reflection coefficients for light polarized parallel and perpendicular to the plane of 
incidence, respectively; \tan is the relative amplitude attenuation and '  is the  relative phase  change of the  light  
polarized parallel  and perpendicular  to  the  plane  of  incidence. The magnitude of \ and ' vary as a function of 
the angle of  incidence at the specimen. 
Where 
s
p
r
r
tan  \  and  '   are the ellipsometric angles. 
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By use of the Snell’s law and expressions for Fresnel complex reflection coefficients [1,2], the equation use to 
determine the complex refractive index characterizing a sample is 
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Where 0I an incidence angle, 0N = the complex refractive index of medium 0, 1N = the complex refractive 
index of medium 1 (sample). The ellipsometric ratio is measured at angle of incidence 0I . Nomally, the medium 0 is 
air which has a refractive index of 1.00.  
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3. Experiment and Results   
The experimental set up system is shown in fig.1. Light from a laser diode )635( nm O  is transformed into a 
circularly polarized beam by a quarter wave plate (QWP1). The light then is launched into the second quarter wave 
plate (QWP2). The function of the wave plate is to transform the output beams into two orthogonal circularly 
polarized beams with opposite handedness. This is equivalent to linear polarization state with an azimuth determined 
by the phase difference between the two circularly polarized beams. As the phase difference is modulated, the 
azimuth of polarization is modulated. A fraction of the output is sampled by a beam splitter passes thought an 
analyzer 1 orientated at a pre-determined direction and onto a detector 1 to form a reference signal. From this signal, 
the azimuth of polarization may be determined at any time. The main light beam is incident onto a sample at an 
angle of incidence, 0I . The reflected light then propagates through an analyzer 2 with its transmission axis 
orientated at 450 to the plane of incidence, and onto detector 2 to provide the output signal. Both signals (detection 
and reference) then transferred to an online computer for analysis.        
The results, when measured \  and ' for different sample, which consists of water and glycerine. In addition, 
the parameters that can be used to calculate the 1N for each sample are shown in Table 1. In addition, the parameter 
measured to calculate the refractive index of each sample, that results is in good agreement with the corresponding 
theoretical analysis. 
Table 1  shows the comparative value \ , '  and 1N between experimental and theoretical results for the angle 
of incidence 00 75 I )635( nm O .
Theoretical Results Experiment Result 
Samples \
(Degree) 
cos'
(Degree) 
1N
)( 1 ikn 
\
(Degree) 
cos'
(Degree) 
1N
)( 1 ikn 
Water 30.747 1 0331.1 i 30.48 ± 3.023 1.00 ±0.054 0343.1 i
Glycerine 27.913 1 0470.1 i 27.92 ± 3.040 1.00 ±0.242 0472.1 i
In the experiment, the measured \  and '  for different samples, including  glycerine  and water. 
4. Conclusion  
In conclusion, the preliminary study of the optical ellipsometer performance has been demonstrated. The results 
that instrument is capable of determining ellipsometric parameter obtained from the polarization modulation by a 
rotation the quarter wave plate were satisfactorily as well as refractive index of materials. This preliminary study is 
necessary as, for further work, it is well-known that these parameters have to be known prior to characterizing even 
more complex samples such as thin films.   
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